Most modern theories of associative learning emphasize a critical role for prediction error (PE, the difference between received and expected events). One class of theories, exemplified by the Rescorla-Wagner (1972) model, asserts that PE determines the effectiveness of the reinforcer or unconditioned stimulus (US): surprising reinforcers are more effective than expected ones. A second class, represented by the Pearce-Hall (1980) model, argues that PE determines the associability of conditioned stimuli (CSs), the rate at which they may enter into new learning: the surprising delivery or omission of a reinforcer enhances subsequent processing of the CSs that were present when PE was induced. In this minireview we describe evidence, mostly from our laboratory, for PE-induced changes in the associability of both CSs and USs, and the brain systems involved in the coding, storage and retrieval of these altered associability values. This evidence favors a number of modifications to behavioral models of how PE influences event processing, and suggests the involvement of widespread brain systems in animals' responses to PE.
Introduction
Theories of associative learning characterize animals' sensitivity to relations among events. Although early theories emphasized the importance of contiguity between cues (conditioned stimuli, CSs) and the events they predict (unconditioned stimuli, USs), contemporary theories stress the role of reinforcer prediction error (PE), the difference between the expected and received value of a reinforcer. Indeed, much modern behavioral, neurobiological, and theoretical investigation of learning hinges on roles of PE. For example, Schultz and Dickinson (2000) noted:
Prediction errors can be used in postsynaptic structures for the immediate selection of behavior or for synaptic changes underlying behavioral learning. The coding of prediction errors may represent a basic mode of brain function that may also contribute to the processing of sensory information and the short-term control of behavior.
Most modern learning theories accept CS-US contiguity as a critical learning variable, but redefine that contiguity as between effective CSs and USs. One class of models asserts that PE determines the effectiveness of USs (e.g., Rescorla & Wagner, 1972; Sutton & Barto, 1981) and another suggests that PE determines eligibility of CSs (e.g., Mackintosh, 1975; Pearce & Hall, 1980) . Here, we discuss roles for PE in altering stimulus associability, the ease or rate with which a stimulus may enter into associations. After briefly contrasting representative ''reinforcement" and ''attention" models, we focus on behavioral and brain system aspects of surpriseinduced enhancement of associability.
The Rescorla-Wagner model
The most well-known model that incorporates PE in learning is the Rescorla-Wagner model (RW; Rescorla & Wagner, 1972) . In this ''reinforcement" model, the effectiveness of a US in modifying CS-US associations is determined by the difference between the value (associative strength, V) supportable by the US (k) and the aggregate strength of all CSs present on a learning trial (V agg ) Thus, if the US is unexpected (V agg is low, and k À V agg is high) the increment in conditioning (DV) for each CS is large, whereas if the US is already anticipated on the basis of past learning (and k À V agg is low), new learning is minimal. Formally, DV A = a A b(k À V agg ), where A represents a stimulus, and a and b refer to (constant) rate parameters for the CS and US, respectively. A powerful example of RW's explanatory power is the case of blocking (Kamin, 1968) . Consider two groups of rats that receive pairings of a tone + light compound stimulus with a US. For a blocking group, the tone was pretrained to asymptote with the same US, whereas for the
